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ABSTRACT
BACKGROUND: After a dramatic increase 
in prevalence over several decades, obesity 
has become a major public health crisis 
in the United States. Research to date has 
consistently demonstrated a correlation 
between obesity and higher medical costs for 
a variety of U.S. subpopulations and specific 
categories of care. However, by examining 
associations rather than causal effects, previ-
ous studies likely underestimated the effect 
of obesity on medical expenditures. 

OBJECTIVE: To estimate the causal effect of 
obesity on direct medical care costs at the 
national and state levels. 

METHODS: This study is a pooled cross-
sectional analysis of retrospective data 
from the 2001-2016 Medical Expenditure 
Panel Surveys. Adults aged 20-65 years with 
a biological child living in the household 
were included in the study sample. Primary 
outcomes were individual-level medical 
expenditures due to obesity, overall, as well 
as separately by type of payer and category 
of medical care. Results were reported at the 
national level and separately for the 20 most 
populous states. The expenditure estimates 
were obtained from 2-part models of instru-
mental variables in which the respondent’s 
body mass index (BMI) was instrumented 
using the BMI of their biological child. 

RESULTS: Adults with obesity in the United 
States compared with those with normal 
weight experienced higher annual medi-
cal care costs by $2,505 or 100%, with costs 
increasing significantly with class of obesity, 
from 68.4% for class 1 to 233.6% for class 3. 
The effects of obesity raised costs in every 
category of care: inpatient, outpatient, and 
prescription drugs. Increases in medical 
expenditures due to obesity were higher for 
adults covered by public health insurance 
programs ($2,868) than for those having 
private health insurance ($2,058). In 2016, 
the aggregate medical cost due to obesity 
among adults in the United States was  
$260.6 billion. The increase in individual-level 

What is already known  
about this subject

•	 The prevalence of obesity has 
risen dramatically in the United 
States in the past several decades, 
leading to great interest in a better 
understanding of the medical care 
costs of obesity. 

•	 Previous studies, using various 
research methods and data sources, 
have consistently shown that 
individuals with obesity have higher 
medical care costs than those without 
obesity. 

What this study adds

•	 This study estimated the causal effects 
of obesity on medical care costs in the 
United States at both the national and 
state levels. 

•	 Obesity doubled the medical 
expenditures of adults relative to 
those of normal weight and raised 
expenditures on inpatient care, 
outpatient care, and prescription drugs.

•	 Given that the causal effect of obesity 
on medical care costs was greater than 
earlier estimates based on correlations, 
interventions to prevent and reduce 
obesity may be more cost-effective than 
previously appreciated. 
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The prevalence of obesity continues to rise in the United 
States, with more than 40% of U.S. adults living with obe-
sity.1-4 Obesity is associated with an increased risk of many 
chronic medical conditions, including type 2 diabetes, car-
diovascular disease, stroke, cancer, and asthma, as well as 
reduced life expectancy.5-7 Additionally, the effects of obe-
sity impose a tremendous financial burden on health care 
systems.8-10 Higher medical care costs among individuals 
with obesity have been found for a variety of U.S. subgroups 
across various data samples using several different research 
methods.11-15

Previous research has shown that medical expenditures 
associated with obesity vary by state, both overall and by 
type of payer.16-20 For example, Biener et al. (2018) reported 
that the proportion of medical expenditures associated 
with obesity ranged from approximately 4% in California 
to 14% in North Carolina in 2015, based on estimates from 
the Medical Expenditure Panel Survey (MEPS).16 Variation 
in the burden of obesity across states was due to multiple 
factors including obesity prevalence, differences in health 
care utilization among people with obesity, how obesity was 
treated, and the cost of services across states.16 

Studies have found that health care costs associated 
with obesity increase with body mass index (BMI) and 
obesity class. A review of 33 U.S. studies found that per-
person direct medical costs of obesity were more than 
6 times greater than those for overweight, with aggregate 
costs estimated to be nearly $114 billion.21 Andreyeva et al. 
(2004) found that costs were twice as high for those with 
a BMI greater than 40 kg/m² compared with adults of 
normal weight among a sample of adults aged 54-69 years.22 

Similarly, Su et al. (2015) found a 3-fold increase in medical 
expenditures from class 1 obesity to class 3 obesity, where 
each kilogram of weight was associated with high average 
costs of $140 annually.15

A limitation of these estimates is that they all are 
correlations of obesity with medical care costs. Due to 
reverse causality and omitted variables bias, the correlation 

between obesity and medical care costs can be very differ-
ent from the causal effect of obesity on costs. For example, 
an injury or medical condition could lead to both higher 
medical care costs and the onset of obesity due to reduced 
mobility. Furthermore, obesity is more common among 
people of lower socioeconomic status, who generally have 
less access to care. These problems of reverse causality and 
omitted variables bias can be addressed using models of 
instrumental variables allowing one to estimate the causal 
effect of obesity on medical care costs.23,24 Such instrumen-
tal variables models using the BMI of biological relatives as 
“instruments” have been used to estimate the medical care 
costs of obesity among both adults and youth.25-28 

Our study presents estimates of the total amount 
and percentage of medical care expenditures attribut-
able to obesity. By using more recent data than previous 
analyses,27,28 we provide up-to-date national estimates. 
Importantly, this study contains the first causal estimates 
of obesity for the 4 most populous states: California, Texas, 
New York, and Florida. We estimate the effect of obesity on 
total medical care costs, as well as separately by obesity 
class, payer, and type of medical service. Collectively, the 
results represent the most up-to-date, comprehensive, and 
detailed evidence of the causal effect of obesity on direct 
medical care costs in the United States.

Methods 
TWO-PART MODEL
Medical expenditures must be modeled using a 2-part 
model because a nontrivial number of individuals have zero 
medical expenditures, and among those who do have posi-
tive expenditures, those expenditures are highly positively 
skewed—a small number of individuals have very high medi-
cal expenditures. This study estimated 2-part models that 
accounted for those aspects of the distribution in the fol-
lowing ways: (a) the zeros were addressed in the first part of 
the model, in which a logit model estimated the probability 
of having any medical expenditures; and (b) the skewness in 
positive expenditures was addressed by the functional form 
of the second part of the model, which was a gamma gener-
alized linear model with a log link function.29 

Both parts of the model controlled for the following 
variables: gender, race/ethnicity, respondent age, educa-
tion level, U.S. census region, residence in a metropolitan 
statistical area, household composition (number and age 
of household members), employment status, gender of 
the oldest child, age of the oldest child in months, marital 
status, health insurance plan enrollment, and health main-
tenance organization or managed care plan enrollment in 

expenditures due to obesity varied considerably by state (e.g., 24.0% 
in Florida, 66.4% in New York, and 104.9% in Texas). 

CONCLUSIONS: The 2-part models of instrumental variables, 
which estimate the causal effects of obesity on direct medical 
costs, showed that the effect of obesity is greater than suggested 
by previous studies, which estimated only correlations. Much of 
the aggregate national cost of obesity—$260.6 billion—represents 
external costs, providing a rationale for interventions to prevent and 
reduce obesity.
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variation in obesity is mostly due to differences in genes 
and individual environment. One might be concerned that 
common household environment could affect both child 
BMI and parental medical expenditures, causing bias in our 
instrumental variables models, but the genetics literature 
on obesity has generally found a common household envi-
ronment effect on BMI only at young ages, which disappears 
by adolescence.33 As all children in the analysis were aged 
11-19 years, the effect of a common environment on youth 
BMI should be minimized. 

Alternatively, one might be concerned that parent BMI 
could influence both the household environment and the 
child’s BMI (e.g., a lack of emphasis on physical activity by 
the parent leads to the child being less physically active and 
more susceptible to obesity). Since parent and child BMI are 
similar due to their shared genes, this was difficult to test. 
However, tests of genetic nurture have found that parental 
genes that influence the parents’ BMIs that were not inher-
ited by the child had no detectable effect on the child’s BMI, 
suggesting parental BMI does not affect child BMI through 
the household environment.34,35 Another concern was that 
genes that determine BMI may affect other characteristics 
that determine medical expenditures (pleiotropy). The 
genetics literature finds that genes that affect BMI only 
affect BMI’s components and obesity-related illnesses, 
but not characteristics unrelated to obesity,36,37 which is 
consistent with instrument validity. 

In addition, we conducted an overidentification test to 
verify whether the instrument met the exclusion restric-
tion. Multiple instruments were required to perform the 
overidentification test, so we used the level, square, and 
cube of child BMI (F = 751.76 for this instrument set). The 
Hansen J statistic for the overidentification test was 3.47 
(P = 0.18), indicating that we could not reject the null 
hypothesis that the instrument was uncorrelated with 
residual medical expenditures. 

ESTIMATING THE EFFECT OF OBESITY
We calculated the average marginal effect of obesity on 
medical expenditures in 3 steps: (1) predict the medical 
expenditures for the mean BMI among individuals with 
normal weight (BMI 18.5 - < 25 kg/m2) using the 2-part 
model, (2)  predict the medical expenditures for the mean 
BMI among individuals with obesity (BMI ≥ 30 kg/m2) using 
the 2-part model, and (3) subtract the predicted medi-
cal expenditures for individuals with normal weight from 
those for individuals with obesity. Since MEPS data are col-
lected using a stratified multistage probability design, we 
accounted for this complex survey design in the calculation 
of standard errors for our marginal effects using balanced 
repeated replications and Fay’s method.38-40 We estimated 

addition to fixed effects for year and whether the data was 
self- or proxy-reported. 

We estimated 2-part models for total medical expen-
ditures, which included all spending on ambulatory and 
inpatient health care services and prescription drugs from 
out-of-pocket and third-party sources (private insurance, 
Medicaid, Medicare, and other state, local, and military 
public programs), and other expenditures such as durable 
medical equipment, vision, and home health care. We also 
estimated 2-part models for medical expenditures on spe-
cific categories of care: ambulatory care, inpatient services, 
and prescription drugs (excluding antiobesity medications 
or AOMs). We omitted antiobesity medications because if 
one wanted to use the estimates in this paper to assess the 
business case for covering AOMs, they would not want to 
include the cost of AOMs. However, including or excluding 
AOMs has very little effect on the estimates.

METHOD OF INSTRUMENTAL VARIABLES
We used the method of instrument variables to estimate 
both parts of the 2-part model. The parameters in the 
instrumental variables model were identified using variation 
in BMI due to differences in genetic heritability, which was 
not correlated with unobservable factors that determine 
medical expenditure. This allowed the model to estimate 
the causal effect of BMI on medical expenditures. Valid 
instruments should satisfy 2 conditions: (1) the instrument 
must be powerful (i.e., strongly correlated with the inde-
pendent variable of interest, in this case, respondent BMI); 
and (2) the instrument must be valid (i.e., uncorrelated with 
residual medical expenditures, which is referred to as the 
exclusion restriction). In our case, the exclusion restriction 
meant that the instrument should not be correlated with 
any unobserved factors that may affect respondent medical 
expenditures.

Our instrument for respondent BMI was the BMI of their 
biological child. This takes advantage of the natural experi-
ment of the heritability of weight—that some people are 
endowed with a greater genetic propensity to have a high 
BMI. A large scientific literature demonstrated that BMI and 
obesity have a strong genetic component; thus, the biologi-
cal child’s BMI is strongly correlated with the BMIs of the 
parents.30-32 This indicated that the instrument was likely to 
be a powerful one (condition 1 above). We confirmed this by 
using an F statistic to measure the power of the instrument 
in the first stage of the instrumental variables model; the 
F statistic was 2,088.66, which was far above the rule of 
thumb of F > 10 for a sufficiently powerful instrument.

Although it is impossible to prove the validity of an 
instrument, our identification strategy is supported by 
extensive literature in behavioral genetics concluding that 
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excluded to avoid conflating weight gain from pregnancy 
with obesity. Individuals with underweight (BMI < 18.5 kg/m2)  
were dropped from the sample to focus on the effects of 
obesity and better predict the nonlinear changes in medi-
cal expenditures with higher levels of BMI. We excluded 
2 individuals with extremely high medical expenditures 
(e.g., > $500,000) as outliers. Excluding those 2 outliers had 
negligible effect on the point estimates but considerably 
improved the precision of the model.

Our state-level analysis was limited to the 20 most popu-
lous states (AZ, CA, FL, GA, IL, KY, MD, MA, MI, MN, MO, NJ, 
NY, NC, OH, PA, TX, VA, WA, and WI)—those with enough 
respondents in the MEPS to permit separate estimation of 
the 2-part instrumental variables model. Further, due to lim-
ited sample sizes among some of these states, we focused on 
the 4 largest states for which statistical power was sufficient 
to generate precise estimates (CA, TX, NY, and FL). Estimates 
were considered statistically significant if P < 0.1.

Results 
SUMMARY STATISTICS 
Descriptive statistics for control variables used in the anal-
ysis for the study sample (all states combined) are presented 
in Table 1. The study sample included 63,508 adult respon-
dents with at least 1 biological child in the household. In the 
study sample, 84% of the adults incurred positive medical 
expenditures during the year when they were surveyed. 
Among them, annual medical expenditures averaged $4,190. 
The average BMI of the adult respondents was 28.46 kg/m2.

EFFECT OF BMI AND OBESITY ON MEDICAL 
EXPENDITURE AT NATIONAL LEVEL
Results of the 2-part model of instrumental variables indi-
cated that 1 additional unit of BMI raised the total annual 
medical expenditures by $201 (90% CI = $149.37-$251.89), 
which represented 5.4% of the annual mean predicted 
expenditures (Supplementary Table 1, available in online 
article). As shown in Table 2, the effects of obesity raised 
total annual medical expenditures by $2,505 for U.S. adults. 
Thus, the annual medical care expenditures of adults with 
obesity ($5,010) were double that of people with normal 
weight ($2,504). The effect of excess weight on annual medi-
cal care costs at the individual level increased significantly 
with class of obesity; relative to those with normal weight, 
the additional expenditures due to obesity rose from $1,713 
(a 68.4% increase) for class 1 obesity to $3,005 for class 2 
obesity, (a 120.0% increase) to $5,850 (a 233.6% increase) for 
class 3 obesity. 

total national aggregate medical expenditures attributable 
to obesity using predicted total individual medical expen-
ditures from our models and the sample weights from the 
MEPS designed to allow aggregation at state and national 
levels. We report all monetary estimates in 2017 U.S. dollars. 

DATA
Our models were estimated using data from the MEPS, a 
nationally representative survey of the U.S. civilian, nonin-
stitutionalized population. The study sample was a pooled 
cross-section (different respondents appear in different 
survey panels every 2 years) from the 2001-2016 MEPS. 
Institutional review board approval was not required, since 
MEPS is a publicly available household survey funded by 
the U.S. Agency for Healthcare Research and Quality for 
research purposes, and deidentified restricted-use data are 
accessed through the AHRQ MEPS Data Center.

Families participating in the MEPS provided informa-
tion on “demographic characteristics, health conditions, 
health status, use of medical services, charges and source 
of payments, access to care, satisfaction with care, health 
insurance coverage, income, and employment” for all mem-
bers of their household 5 times over a 2-year period.41 The 
Medical Provider Component collected medical expendi-
ture and utilization data directly from participants’ medical 
service providers and pharmacies, which were used to 
verify the data reported by households. BMI was calculated 
using self-reported or proxy-reported (for another house-
hold member) height and weight. Obesity was defined as 
BMI ≥ 30 kg/m2 and divided into classes for adults: class  1 
(BMI 30 - < 35 kg/m2), class 2 (BMI 35 - < 40 kg/m2), and 
class  3 (BMI ≥ 40 kg/m2). We used the continuous value of 
BMI of the child, not the child’s clinical weight classifica-
tion, as an instrument.

Our instrumental variables model required data on the 
BMI of a biological child, so we restricted our sample to 
adults aged 24-65 years with a biological child living in the 
household. The maximum age of 65 years reflected the lack 
of adults older than age 65 with a biological child living in 
the household. For the instrument of the BMI of a biological 
child, the children were between the ages of 11 and 19 years; 
we did not use younger children due to low response rates 
among such participants and to avoid any risk of common 
household environment affecting the child’s BMI. When 
multiple children resided in the household, the eldest child 
with valid BMI data was used. 

Observations were dropped if BMI data were missing for 
either parent or the biological child, as the instrumental 
variables model required both. Pregnant women were 

https://www.jmcp.org:443/pb%2Dassets/Supplmental%20Material/SupplementaryMaterials20410.pdf
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Variable United States California Texas Florida New York

Respondent, mean (SD)

Has positive expenditures

All medical 	 0.84	  (0.37) 	 0.78 	 (0.49) 	 0.74 	 (0.50) 	 0.80	  (0.40) 	 0.84 	 (0.35)

Private insurance 	 0.63	  (0.48) 	 0.54 	 (0.59) 	 0.53	  (0.57) 	 0.57	  (0.50) 	 0.62 	 (0.46)

Medicaid 	 0.11 	 (0.32) 	 0.14 	 (0.41) 	 0.04	  (0.23) 	 0.10 	 (0.30) 	 0.16 	 (0.35)

Out-of-pocket 	 0.79 	 (0.41) 	 0.70	  (0.54) 	 0.71 	 (0.52) 	 0.76 	 (0.43) 	 0.77	  (0.40)

Third party 	 0.77 	 (0.42) 	 0.71 	 (0.54) 	 0.64 	 (0.55) 	 0.71	  (0.45) 	 0.80 	 (0.38)

Ambulatory 	 0.72 	 (0.45) 	 0.66 	 (0.56) 	 0.63	  (0.55) 	 0.69 	 (0.47) 	 0.75 	 (0.41)

Inpatient 	 0.05 	 (0.21) 	 0.03 	 (0.20) 	 0.04 	 (0.22) 	 0.06 	 (0.24) 	 0.05 	 (0.20)

Prescription drug 	 0.63 	 (0.48) 	 0.54 	 (0.59) 	 0.57 	 (0.56) 	 0.60	  (0.49) 	 0.60 	 (0.47)

Prescription drug excluding AOM 	 0.63 	 (0.48) 	 0.55 	 (0.59) 	 0.57 	 (0.56) 	 0.60 	 (0.49) 	 0.60	  (0.47)

AOM prescription drug 	 0.003 	 (0.06) 	 0.001 	 (0.04) 	 0.004 	 (0.07) 	 0.01 	 (0.08) 	 0.001	  (0.03)

Total expenditures (USD, thousands)a 

All medical 	 4.19	  (10.61) 	 3.40	  (10.58) 	 3.58 	 (10.91) 	 4.12 	 (10.11) 	 4.52 	 (12.36)

Private insurance 	 3.31 	 (9.33) 	 2.72 	 (8.29) 	 3.11	  (10.29) 	 3.21 	 (8.89) 	 3.87	  (11.74)

Medicaid 	 3.40 	 (10.72) 	 2.74 	 (14.34) 	 2.48	  (9.59) 	 3.35 	 (8.98) 	 3.09	  (9.82)

Out-of-pocket 	 0.77 	 (1.51) 	 0.71 	 (1.94) 	 0.79 	 (2.11) 	 0.83 	 (1.44) 	 0.69 	 (1.19)

Third party 	 3.78 	 (10.49) 	 3.06	  (10.36) 	 3.29	  (10.74) 	 3.76 	 (10.14) 	 4.10	  (12.35)

Ambulatory 	 2.09 	 (5.37) 	 1.78	  (4.92) 	 1.76 	 (4.62) 	 2.03 	 (6.47) 	 2.04	  (4.52)

Inpatient 	 16.36 	 (25.00) 	 17.40 	 (30.15) 	 17.42	 (33.63) 	 13.90	  (18.30) 	 23.72 	 (40.50)

Prescription drug 	 1.34	  (4.66) 	 1.04 	 (4.95) 	 1.01	  (3.01) 	 1.26	  (3.33) 	 1.39	  (3.59)

Prescription drug excluding AOM 	 1.38 	 (4.79) 	 1.04 	 (4.95) 	 1.01 	 (3.01) 	 1.26 	 (3.34) 	 1.39 	 (3.59)

AOM prescription drug 	 0.11 	 (0.10) 	 0.13 	 (0.13) 	 0.10	  (0.10) 	 0.07 	 (0.03) 	 0.14 	 (0.05)

BMI (kg/m2) 	 28.46 	 (6.17) 	 27.86 	 (6.66) 	 29.21 	 (7.09) 	 28.25	  (6.02) 	 27.84 	 (5.66)

Female 	 0.57 	 (0.50) 	 0.57	  (0.59) 	 0.57 	 (0.56) 	 0.59 	 (0.49) 	 0.58 	 (0.47)

Race/ethnicity 

White 	 0.64 	 (0.48) 	 0.34	  (0.56) 	 0.41 	 (0.56) 	 0.54 	 (0.50) 	 0.61 	 (0.46)

African American 	 0.12 	 (0.32) 	 0.05	  (0.27) 	 0.10 	 (0.34) 	 0.16 	 (0.37) 	 0.15	  (0.34)

Hispanic 	 0.18 	 (0.38) 	 0.43 	 (0.59) 	 0.44 	 (0.57) 	 0.26	  (0.44) 	 0.17 	 (0.36)

Other 	 0.07 	 (0.25) 	 0.18 	 (0.45) 	 0.05	  (0.26) 	 0.04 	 (0.21) 	 0.07 	 (0.24)

Age (years)

35-44 	 0.44	  (0.50) 	 0.41	  (0.58) 	 0.48 	 (0.57) 	 0.45	  (0.50) 	 0.40 	 (0.47)

45-54 	 0.40 	 (0.49) 	 0.42 	 (0.59) 	 0.34 	 (0.54) 	 0.41 	 (0.49) 	 0.45	  (0.47)

55 and older 	 0.08 	 (0.27) 	 0.08 	 (0.33) 	 0.06 	 (0.28) 	 0.07	  (0.26) 	 0.09	  (0.27)

Number of persons in the household

Aged 0-5 years 	 0.16 	 (0.45) 	 0.20	  (0.58) 	 0.19	  (0.56) 	 0.12 	 (0.38) 	 0.13	  (0.38)

Aged 11-17 years 	 1.56 	 (1.03) 	 1.58 	 (1.21) 	 1.57 	 (1.15) 	 1.37 	 (0.92) 	 1.52	  (0.95)

Aged 18-64 years 	 2.36 	 (0.88) 	 2.56	  (1.19) 	 2.38 	 (1.02) 	 2.31 	 (0.85) 	 2.40 	 (0.88)

Aged 65 years and older 	 0.04 	 (0.22) 	 0.07	 (0.35) 	 0.05	  (0.29) 	 0.06 	 (0.27) 	 0.04 	 (0.22)

Descriptive Statistics for Variables Used in the Direct Medical Care Cost Models  
(National Level and Top 4 Most Populous States) 

TABLE 1

continued on next page
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individuals, estimated at $229, represented a small fraction 
of the increase in total annual costs. 

MEDICAL EXPENDITURES BY TYPE OF SERVICE  
AT NATIONAL LEVEL
Obesity raised total medical expenditures (i.e., by all pay-
ers combined) on all types of medical services. Adults with 
obesity incurred an increase in expenditures for inpatient 
services of $1,088 (289.8%) when compared with those of 
adults with normal weight ($1,463 vs. $375). Additionally, 
the effects of obesity increased ambulatory care expen-
ditures by $787 or 67.0% and increased prescription drug 

MEDICAL EXPENDITURES BY PAYER AT NATIONAL LEVEL
The marginal effect of an additional unit of BMI on annual 
expenditures paid by public insurance was particularly large: 
$240, or 6.9% of the annual mean predicted expenditures. 
In contrast, an additional unit of BMI raised annual expen-
ditures paid by private insurance by $163, (5.4%). Similarly, 
the increase in medical expenditures of adults with obe-
sity compared with those with normal weight covered by 
public health insurance payments ($2,877) was greater than 
for those having private health insurance ($2,058; Table 3). 
Out-of-pocket costs due to the effects of obesity paid by 

Variable United States California Texas Florida New York

Married 	 0.79 	 (0.41) 	 0.79 	 (0.49) 	 0.81 	 (0.44) 	 0.75 	 (0.44) 	 0.77 	 (0.4)

Education levelb

Less than high school diploma 	 0.14 	 (0.35) 	 0.24 	 (0.51) 	 0.24 	 (0.48) 	 0.11	  (0.32) 	 0.13 	 (0.33)

High school graduate 	 0.30 	 (0.46) 	 0.24 	 (0.51) 	 0.28 	 (0.51) 	 0.31 	 (0.46) 	 0.31	  (0.44)

Some college 	 0.26 	 (0.45) 	 0.24 	 (0.5) 	 0.24 	 (0.49) 	 0.31 	 (0.46) 	 0.23 	 (0.40)

College graduate 	 0.29 	 (0.45) 	 0.27 	 (0.53) 	 0.24 	 (0.49) 	 0.27 	 (0.44) 	 0.33	  (0.45)

Urban 	 0.84 	 (0.37) 	 0.96 	 (0.24) 	 0.91 	 (0.33) 	 0.97	  (0.16) 	 0.88	  (0.31)

Census region

Northeast 	 0.18 	 (0.39)

Midwest 	 0.22 	 (0.42)

South 	 0.36 	 (0.48)

West 	 0.23 	 (0.42)

Self-reporting survey information 	 0.59	  (0.49) 	 0.56 	 (0.59) 	 0.58 	 (0.56) 	 0.6 	 (0.49) 	 0.58 	 (0.47)

Employed 	 0.85 	 (0.36) 	 0.83 	 (0.45) 	 0.85 	 (0.4) 	 0.85 	 (0.36) 	 0.84	  (0.35)

Health insurance 

HMO or managed care 	 0.33 	 (0.47) 	 0.50 	 (0.59) 	 0.22 	 (0.47) 	 0.33 	 (0.47) 	 0.47	 (0.48)

Private insurance 	 0.76 	 (0.43) 	 0.68	  (0.55) 	 0.70	  (0.52) 	 0.74	  (0.44) 	 0.74	  (0.42)

Medicare 	 0.02 	 (0.13) 	 0.01 	 (0.14) 	 0.01 	 (0.12) 	 0.02 	 (0.13) 	 0.01	  (0.11)

Medicaid 	 0.11	  (0.31) 	 0.17	  (0.44) 	 0.04 	 (0.21) 	 0.09 	 (0.28) 	 0.17	  (0.36)

Eldest child in the household with valid BMI

BMI (kg/m2) 	 22.55 	 (5.11) 	 22.52 	 (5.92) 	 22.74 	 (5.85) 	 22.67	  (5.07) 	 22.41 	 (4.91)

Female 	 0.48 	 (0.50) 	 0.48 	 (0.59) 	 0.48 	 (0.57) 	 0.48 	 (0.50) 	 0.49	  (0.48)

Age (months) 	 191.33 	 (30.81) 	 192.74	 (36.95) 	 189.43 	 (35.84) 	 192.21 	 (29.72) 	 192.13 	 (28.09)

Observations, n 63,508 10,870 7,209 3,343 3,394

Note: Data are from the 2001-2016 MEPS. Means and SDs are adjusted for the complex design of the MEPS. 
aMean total medical expenditures are conditional on having positive medical expenditures.
bData for missing education not shown. This accounts for < 1% for some states.
AOM = antiobesity medication; BMI = body mass index; HMO = health maintenance organization; MEPS = Medical Expenditure Panel Surveys; SD = standard deviation;  
USD = United States dollar.

Descriptive Statistics for Variables Used in the Direct Medical Care Cost Models  
(National Level and Top 4 Most Populous States) (continued)

TABLE 1
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Normal Weight Obesity Class 1 Obesity Class 2 Obesity Class 3 Obesity

United States – National-level data

2001-2016 (n = 63,508)

Predicted mean  
expenditures

2,504.48  
(2,280.31, 2,728.66)

5,009.82 
(4,595.12, 5,424.51)

4,217.92  
(4,008.82, 4,427.03)

5,509.81  
(4,936.03, 6,083.59)

8,354.17  
(6,704.00, 10,004.35)

Average marginal effect – 2,505.34 
(1,908.74, 3,101.94)

1,713.44  
(1,342.54, 2,084.34)

3,005.32  
(2,245.13, 3,765.52)

5,849.69  
(4,003.83, 7,695.55)

2001-2005 (n = 21,024)

Predicted mean  
expenditures

2,255.74  
(2,071.10, 2,440.39)

4,531.00  
(4,094.69, 4,967.30)

3,808.16  
(3,569.71, 4,046.62)

4,974.33  
(4,387.21, 5,561.44)

7,650.30 
(5,984.03, 9,316.57)

Average marginal effect – 2,275.25  
(1,701.48, 2,849.03)

1,552.42  
(1,192.03, 1,912.81)

2,718.58  
(1,989.35, 3,447.81) 

5,394.56  
(3,576.76, 7,212.36)

2006-2010 (n = 19,199)

Predicted mean  
expenditures

2,502.57  
(2,260.07, 2,745.06)

5,060.36  
(4,592.16, 5,528.56)

4,254.02  
(3,993.87, 4,514.17)

5,567.96  
(4,938.66, 6,197.26)

8,459.89  
(6,698.46, 10,221.31)

Average marginal effect – 2,557.8  
(1,926.81, 3,188.79)

1,751.45  
(1,359.45, 2,143.45)

3,065.39  
(2,266.06, 3,864.73) 

5,957.32  
(4,009.28, 7,905.36)

2011-2016 (n = 23,285)

Predicted mean  
expenditures

2,695.77  
(2,398.60, 2,992.94) 

5,477.37  
(4,990.48, 5,964.25)

4,577.35 
(4,294.42, 4,860.28)

5,972.43  
(5,337.13, 6,607.72)

9,007.59  
(7,267.07, 10,748.11)

Average marginal effect – 2,781.60 
(2,119.78, 3,443.42)

1,881.58  
(1,479.19, 2,283.97)

3,276.66  
(2,454.54, 4,098.77)

6,311.82  
(4,353.96, 8,269.69)

State-level data

California (n =10,870)

Predicted mean  
expenditures

1,501.90 
(1,179.87, 1,823.94)

5,811.89  
(4,007.17, 7,616.62)

4,363.15  
(3,440.75, 5,285.56)

7,507.58  
(4,363.59, 10,651.57)

17,647.64  
(4,224.99, 31,070.29)

Average marginal effect – 4,309.99  
(2,224.53, 6,395.45)

2,861.25  
(1,664.35, 4,058.15)

6,005.68  
(2,574.83, 9,436.52)

16,145.74  
(2,429.4, 29,862.07)

Texas (n = 7,209)

Predicted mean  
expenditures

1,792.51  
(1,387.38, 2,197.63)

3,673.19  
(2,834.17, 4,512.21)

3,044.79  
(2,668.3, 3,421.27)

4,012.64  
(2,899.45, 5,125.83)

6,320.62  
(2,865.65, 9,775.59)

Average marginal effect – 1,880.68  
(692.03, 3,069.34)

1,252.28  
(551.52, 1,953.04)

2,220.13  
(751.30, 3,688.97)

4,528.11  
(709.09, 8,347.13)

New York (n = 3,394)

Predicted mean  
expenditures

2,976.34  
(2,352.00, 3,600.69)

4,952.39  
(3,622.41, 6,282.38)

4,371.52 
(3,702.77, 5,040.27)

5,354.75 
(3,536.89, 7,172.61)

7,306.46  
(2,335.75, 12,277.17)

Average marginal effect – 1,976.05  
(88.20, 3,863.89)

1,395.18  
(191.94, 2,598.42)

2,378.40  
(–4.55, 4,761.36)

4,330.12 
(–1,209.10, 9,869.33)

Florida (n = 3,343)

Predicted mean  
expenditures

3,008.96  
(2,374.86, 3,643.05)

3,732.52  
(2,830.77, 4,634.26)

3,542.91 
(3,008.45, 4,077.37)

3,841.06  
(2,706.83, 4,975.29)

4,399.49  
(1,946.07, 6,852.92) 

Average marginal effect – 723.56  
(–706.06, 2,153.18)

533.95  
(–493.91, 1,561.82)

832.10 
(–839.37, 2,503.58) 

1,390.54 
(–1,617.05, 4,398.13)

Note: Data are from the 2001-2016 MEPS. Average marginal effect estimates of obesity are from in instrumental variable 2-part model and expenditure are 
expressed in 2017 USD. The 90% CIs in parentheses are adjusted for the complex design of the MEPS. Classes of obesity are defined as follows: class 1  
(BMI 30 - < 35 kg/m2), class 2 (BMI 35 - < 40 kg/m2), class 3 (BMI ≥ 40 kg/m2).
BMI = body mass index; MEPS = Medical Expenditure Panel Surveys; USD = United States dollar. 
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public health insurance programs, and $20.0 billion was 
paid out of pocket by patients for obesity-related care. 

EFFECT OF BMI AND OBESITY ON MEDICAL 
EXPENDITURES AT STATE LEVEL
The increase in total annual medical expenditure by an addi-
tional unit of BMI varied greatly by state (Supplementary 
Table 1, available in online article); among the top 4 most 
populous states, the increase was $55 in Florida (not statis-
tically significant), $152 in New York, $153 in Texas, and $373 
in California. There were also large differences between 
states regarding the increase in total medical expenditures 
due to obesity (Table 2, for the top 4 most populous states, 

expenditures by $917 or 186.8% (excluding antiobesity 
medications). For all types of services, the effect of excess 
weight on annual medical care costs at the individual level 
increased significantly with class of obesity; the greatest 
increase was for inpatient services, which was 177.6% and 
923.9% for class 1 and class 3 obesity, respectively. 

AGGREGATE MEDICAL EXPENDITURES DUE TO ADULT 
OBESITY AT NATIONAL LEVEL
The total direct medical costs of obesity in adults more 
than doubled during the study period, from $124.2 in 2001 
to $260.6 billion in 2016 (Table 4). In 2016, $139.4 billion was 
paid by private health insurance, $57.9 billion was paid by 

Total Medical Expenditures Private Payments Public Payments Out-of-Pocket Payments

Normal  
Weight Obesity

Normal  
Weight Obesity

Normal  
Weight Obesity

Normal  
Weight Obesity

United States – National-level data

2001-2016 (n = 63,508)

Predicted mean 
expenditures

2,504.48 
(2,280.31, 
2,728.66)

5,009.82 
(4,595.12, 
5,424.51)

2,076.09 
(1,841.67, 
2,310.50)

4,134.55 
(3,670.67, 
4,598.44)

1,652.21 
(1,211.27, 
2,093.15)

4,529.06 
(3,696.12, 
5,361.99)

508.28  
(466.79, 
549.77)

737.64  
(663.08, 
812.19)

Average marginal 
effect –

2,505.34 
(1,908.74, 
3,101.94)

–
2,058.46 

(1,402.34, 
2,714.59)

–
2,876.85 

(1,666.59, 
4,087.1)

–
229.36  
(118.67, 
340.05)

2001-2005 (n = 21,024)

Predicted mean 
expenditures

2,255.74 
(2,071.10, 
2,440.39)

4,531.00 
(4,094.69, 
4,967.30)

1,834.42 
(1,645.17, 
2,023.67) 

3,610.15 
(3,158.46, 
4,061.84) 

1,550.82 
(1,154.98, 
1,946.65)

4,295.01 
(3,382.76, 
5,207.26)

544.20  
(504.20, 
584.21)

824.39  
(722.89,  
925.9)

Average marginal 
effect –

2,275.25 
(1,701.48, 
2,849.03)

–
1,775.73 

(1,176.68, 
2,374.77)

–
2,744.19 

(1,532.87, 
3,955.51)

–
280.19  

(145.82, 
414.56)

2006-2010 (n = 19,199)

Predicted mean 
expenditures

2,502.57 
(2,260.07, 
2,745.06)

5,060.36 
(4,592.16, 
5,528.56)

2,134.83 
(1,884.60, 
2,385.07)

4,186.31 
(3,676.41, 
4,696.22) 

1,578.74 
(1,062.54, 
2,094.93)

4,435.43 
(3,554.49, 
5,316.38)

512.89  
(464.74, 
561.04)

784.38  
(692.57,  
876.2)

Average marginal 
effect –

2,557.8 
(1,926.81, 
3,188.79)

–
2,051.48 

(1,368.18, 
2,734.78)

–
2,856.69 

(1,676.72, 
4,036.67)

–
271.49  

(145.21,  
397.77)

2011-2016 (n = 23,285)

Predicted mean 
expenditures

2,695.77 
(2,398.60, 
2,992.94) 

5,477.37 
(4,990.48, 
5,964.25)

2,260.32 
(1,945.67, 
2,574.96)

5,477.37 
(4,990.48, 
5,964.25)

1,777.76 
(1,314.41, 
2,241.11)

4,861.83 
(3,852.43, 
5,871.23)

446.55  
(398.47,  
494.63) 

689.59  
(617.33,  
761.86)

Average marginal 
effect –

2,781.60 
(2,119.78, 
3,443.42)

–
2,781.6 

(2,119.78, 
3,443.42)

–
3,084.07 
(1,727.64, 
4,440.51)

–
243.04  

(135.63, 
350.45)

Predicted Mean Expenditures and Average Marginal Effect of Obesity on Medical Expenditure  
in the United States and Separately for the Top 4 Most Populous States, by Payer 
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MEDICAL EXPENDITURES BY PAYER AT STATE LEVEL 
As at the national level, obesity-related medical expen-
ditures at the state level tended to be greater for public 
health insurance payments than private health insurance 
payments, with only a small portion of the costs paid out of 
pocket by individuals (Table 3 and Supplementary Table 3, 
available in online article). In California, obesity raised public 
health insurance payments by $7,801, annual private health 
insurance payments by $1,535, and out-of-pocket payments 
by $442 for each adult with obesity; the corresponding 
estimates for New York residents were $3,797, $692, and 
$288, respectively. For both California and New York, the 

and Supplementary Table 2, for all 20 states, available in 
online article). In California, obesity caused an increase 
in medical expenditures of $4,310 (287.0%), specifically, an 
increase in medical costs from $1,502 for adults with normal 
weight to $5,812 for those with obesity. The effect of obe-
sity on medical care costs was less marked in other states. 
These included Texas, with a $1,881 or 104.9% increase (from 
$1,793 to $3,673); New York, with a $1,976 or 66.3% increase 
(from $2,976 to $4,952); and Florida, with a $724 or 24.0% 
increase (from $3,009 to $3,733), although the estimate for 
Florida was not statistically significant at P < 0.1. 

Total Medical Expenditures Private Payments Public Payments Out-of-Pocket Payments

Normal  
Weight Obesity

Normal  
Weight Obesity

Normal  
Weight Obesity

Normal  
Weight Obesity

State-level data

California (n = 10,870)

Predicted mean 
expenditures

1,501.90 
(1,179.87, 
1,823.94)

5,811.89 
(4,007.17, 
7,616.62)

1,728.92 
(1,294.10, 
2,163.75)

3,264.40 
(2,028.62, 
4,500.19)

348.03  
(141.46, 
554.61)

8,149.46 
(–3327.15, 
12,971.78)

347.67  
(257.77,  
437.56)

790.03  
(400.09, 

1,179.97)

Average marginal 
effect –

4,309.99 
(2,224.53, 
6,395.45)

–
1,535.48 
(–88.86, 
3,159.83)

–
7,801.43 

(2,806.71, 
12,796.15)

–
442.37  
(–31.76, 
916.49)

Texas (n = 7,209)

Predicted mean 
expenditures

1,792.51 
(1,387.38, 
2,197.63)

3,673.19 
(2,834.17, 
4,512.21)

1,336.09 
(895.84, 

1,776.34)

4,298.94 
(2,925.64, 
5,672.24)

4,493.00 
(–5,447.05, 
14,433.06)

4451.40  
(57.94, 

8,844.86)

566.74  
(455.77,  
677.7) 

540.21  
(434.11, 
646.30)

Average marginal 
effect –

1,880.68 
(692.03, 

3,069.34)
–

2,962.85 
(1,201.39, 
4,724.30)

–
–41.60 

(–10,446.18, 
10,362.98)

–
–26.53 

(–221.11, 
168.04)

New York (n = 3,394)

Predicted mean 
expenditures

2,976.34 
(2,352.00, 
3,600.69)

4,952.39 
(3,622.41, 
6,282.38)

3,069.23 
(2,328.15, 
3,810.32)

3,761.1 
(2,249.61, 
5,272.59)

1,232.95 
(572.20, 

1,893.71)

5,029.49 
(2,827.82, 
7,231.16)

423.51  
(327.27,  
519.74) 

711.6  
(395.38, 
1,027.82)

Average marginal 
effect –

1,976.05 
(88.20, 

3,863.89)
–

691.87 
(–1,471.57, 
2,855.31)

–
3,796.54 

(1,066.29, 
6,526.78)

288.09 
(–109.00, 
685.19)

Florida (n = 3,343)

Predicted mean 
expenditures

3,008.96 
(2,374.86, 
3,643.05)

3,732.52 
(2,830.77, 
4,634.26)

1,982.53 
(1,287.78, 
2,677.29)

3,810.34 
(2,424.47, 
5,196.21)

9,723.55 
(–5,560.00, 
25,007.10)

1,012.98  
(65.59, 

1,960.36)

561.53  
(470.28, 
652.78)

744.13  
(518.88, 
969.38)

Average marginal 
effect –

723.56 
(–706.06, 
2,153.18)

–
1,827.81 
(–129.41, 
3,785.02)

–
–8,710.57 

(–24,621.65, 
7,200.51)

–
182.60 

(–124.23, 
489.42)

Note: Data are from the 2001-2016 MEPS. Average marginal effect estimates of obesity are from an instrumental variables 2-part model, and expenditures are 
expressed in 2017 USD. The 90% CIs in parentheses are adjusted for the complex design of the MEPS.
MEPS = Medical Expenditure Panel Surveys; USD = United States dollar. 
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Total Payments  
from All Sources Private Payments Public Payment Out-of-Pocket Payments

United States (n = 63,508)

2001 	 124.24 	 (92.92, 155.55) 	 68.25 	 (45.83, 90.67) 	 15.50 	 (7.34, 23.66) 	 12.44 	 (6.42, 18.46)

2002 	 131.83 	 (98.74, 164.91) 	 70.96	  (46.81, 95.12) 	 28.20	  (11.84, 44.55) 	 12.78	 (6.46, 19.10)

2003 	 138.50 	 (103.18, 173.83) 	 74.51	  (49.50, 99.53) 	 26.48	  (13.75, 39.22) 	 14.70 	 (7.30, 22.09)

2004 	 164.02 	 (120.05, 207.98) 	 91.29 	 (59.19, 123.38) 	 29.36 	 (14.00, 44.72) 	 16.34 	 (8.21, 24.46)

2005 	 156.97 	 (116.25, 197.69) 	 85.48 	 (54.51, 116.46) 	 30.09 	 (15.95, 44.24) 	 16.56 	 (8.54, 24.58)

2006 	 167.30 	 (124.74, 209.86) 	 88.24 	 (58.14, 118.34) 	 35.35 	 (19.00, 51.70) 	 18.03 	 (9.38, 26.68)

2007 	 188.73 	 (138.17, 239.28) 	 102.98	  (64.36, 141.60) 	 22.62 	 (12.14, 33.11) 	 16.82 	 (8.63, 25.00)

2008 	 182.52 	 (133.60, 231.45) 	 97.55	  (62.57, 132.54) 	 27.96 	 (12.53, 43.40) 	 17.39 	 (8.79, 25.99) 

2009 	 207.88 	 (156.99, 258.76) 	 108.10	  (71.10, 145.11) 	 39.88 	 (22.15, 57.61) 	 16.84 	 (8.63, 25.06) 

2010 	 227.14	  (172.11, 282.16) 	 117.71 	 (79.55, 155.87) 	 27.00 	 (15.20, 38.79) 	 17.58 	 (9.14, 26.01) 

2011 	 216.39 	 (163.52, 269.25) 	 122.75 	 (82.12, 163.38) 	 39.95 	 (21.10, 58.81) 	 16.95 	 (8.75, 25.14) 

2012 	 228.15 	 (169.84, 286.46) 	 123.72 	 (80.17, 167.27) 	 37.41 	 (18.66, 56.15) 	 18.94 	 (9.79, 28.09) 

2013 	 263.48 	 (193.95, 333.01) 	 128.70 	 (82.82, 174.59) 	 56.95 	 (29.31, 84.59) 	 19.74 	 (10.89, 28.60) 

2014 	 228.97 	 (168.84, 289.10) 	 115.17 	 (74.61, 155.73) 	 49.55 	 (25.93, 73.16) 	 16.45 	 (8.93, 23.97) 

2015 	 245.94 	 (179.41, 312.48) 	 132.94 	 (86.24, 179.64) 	 60.31 	 (31.08, 89.54) 	 16.29 	 (8.42, 24.16) 

2016 	 260.56 	 (195.35, 325.77) 	 139.36	  (90.67, 188.05) 	 57.92 	 (30.00, 85.84) 	 20.01 	 (11.19, 28.83)

Comparison of average trends

2001-2016 Avg 	 193.97 	 (148.92, 239.03) 	 103.20 	 (70.54, 135.86) 	 36.49	  (20.88, 52.10) 	 16.70 	 (8.88, 24.52)

2001-2005 Avg (1) 	 152.88 	 (115.38, 190.38) 	 83.31 	 (55.94, 110.67) 	 26.79 	 (13.95, 39.63) 	 15.55	  (7.98, 23.13)

2006-2010 Avg (2) 	 194.63 	 (148.21, 241.05) 	 103.40	  (69.48, 137.32) 	 30.15	  (17.76, 42.54) 	 17.36 	 (9.07, 25.65)

2011-2016 Avg (3) 	 227.67 	 (178.11, 277.23) 	 119.61	  (84.15, 155.07) 	 49.86 	 (26.93, 72.80) 	 17.10	 (9.87, 24.34)

(3)–(1) 	 74.79	  (51.53, 98.04) 	 36.30	  (20.54, 52.07) 	 23.08 	 (12.13, 34.02) 	 1.55	  (0.13, 2.97)

(3)–(2) 	 33.04 	 (13.63, 52.45) 	 16.22	  (4.45, 27.98) 	 19.71	  (7.85, 31.57) 	 −0.26 	 (–1.80, 1.29)

California (n = 10,870)

2001-2016 Avg 	 4.38 	 (2.35, 6.42) 	 0.97 	 (0.00, 1.95) 	 1.98 	 (0.84, 3.13) 	 0.45 	 (–0.01, 0.91)

2016 	 5.26	 (2.64, 7.89) 	 1.09 	 (–0.11, 2.30) 	 4.73 	 (1.36, 8.11) 	 0.50 	 (0.01, 0.99)

Texas (n = 7,209)

2001-2016 Avg 	 1.85 	 (0.67, 3.02) 	 1.94 	 (0.82, 3.06) 	 –0.01 	 (–0.53, 0.52) 	 –0.03 	 (–0.22, 0.17)

2016 	 2.56	  (0.91, 4.21) 	 2.89 	 (1.19, 4.59) 	 –0.03 	 (–1.20, 1.14) 	 –0.04 	 (–0.29, 0.22)

New York (n = 3,394)

2001-2016 Avg 	 0.99 	 (0.06, 1.92) 	 0.22 	 (–0.47, 0.92) 	 0.42 	 (0.12, 0.73) 	 0.14 	 (–0.05, 0.33)

2016 	 1.14 	 (0.12, 2.15) 	 0.25 	 (–0.55, 1.05) 	 0.44	 (0.17, 0.71) 	 0.16	  (–0.06, 0.38)

Florida (n = 3,343)

2001-2016 Avg 	 0.34 	 (–0.33, 1.01) 	 0.61 	 (–0.03, 1.25) 	 –0.55 	 (–1.79, 0.7) 	 0.09 	 (–0.06, 0.23)

2016 	 0.67 	 (–0.73, 2.06) 	 1.31	  (–0.17, 2.79) 	 –0.53 	 (–1.65, 0.59) 	 0.18 	 (–0.11, 0.46)

Note: Data are from the 2001-2016 MEPS. The 90% CIs in parentheses are adjusted for the complex design of the MEPS.
Avg = average; MEPS = Medical Expenditure Panel Surveys; USD = United States dollar. 

Aggregate Total Medical Expenditure Due to Obesity in the United States and Separately for the  
Top 4 Most Populous States (Billions of 2017 USD) 

TABLE 4
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The aggregate medical costs due to obesity more than 
doubled over the 16-year period from 2001 to 2016; in 
2016, obesity in adults was responsible for $260.6 billion in 
medical expenditures in the United States. The increase 
in aggregate medical costs over time was likely due to a 
combination of factors such as increases in the size of the 
adult population of the United States, prevalence of obesity, 
cost of health care, emerging new (and more expensive) 
treatments, increased clinical complications in people with 
obesity (e.g., number and type of comorbidities), and poten-
tially an increase in the number of health care services 
provided to individuals with obesity. 

LIMITATIONS 
This study has several limitations. As with all instrumental 
variables models, one must be cautious about instrument 
validity. We acknowledge that the instrument of child BMI 
could be correlated with unobserved factors that are cor-
related with residual parental medical expenditures. Our 
assumption that child BMI is not correlated with residual 
parental medical expenditures is supported by the find-
ing that nontransmitted parental alleles for BMI have no 
detectable effect on child BMI34,35; this is consistent with the 
assumption that the effect of parental BMI on other paren-
tal outcomes does not affect the weight of the child. 

We were able to estimate our instrumental variables 
models only for adults with at least 1 biological child resid-
ing in their household, which restricted the age range of 
the sample. This may have affected the generalizability of 
the results to the entire adult population with obesity in 
the United States. 

Another factor that could limit the generalizability of the 
results is that we used genetic variation in weight to iden-
tify the effect of obesity on medical care costs; to the extent 
that variation in weight due to other factors had a different 
effect on medical care costs, our specific estimates may not 
generalize. 

To estimate the effect of obesity, it would be ideal to use 
a more accurate measure of adiposity, such as percentage 
body fat; however, we were limited by the fact that BMI, 
which is a suboptimal but commonly used estimate of 
adiposity,43,44 is the only measure of obesity available in the 
MEPS. We could not conduct a longitudinal analysis; MEPS 
panels change every 2 calendar years, which is a period 
too short to observe within-person changes in BMI and 
medical expenditures. Given that height and weight used 
to calculate BMI are self-reported in the MEPS, it is likely 
that the prevalence of obesity was underestimated in the 
study,45 resulting in potential underestimation of the total 
medical costs due to obesity. 

estimates for private payments and out-of-pocket pay-
ments were not statistically significant. Further, although 
estimates were reported by payer for 20 states, caution is 
warranted in the interpretation of results by payer at the 
state level, given that the estimates were less precise due to 
the smaller sample sizes. 

AGGREGATE MEDICAL EXPENDITURES DUE TO ADULT 
OBESITY AT STATE LEVEL 
Aggregate medical expenditures due to obesity at the state 
level are presented in Table 4 and Supplementary Table 4 
(available in online article). In 2016, California had the high-
est total medical expenditure due to obesity, estimated at 
$5.3 billion ($4.7 billion paid by public insurance, $1.1 billion 
paid by private insurance—estimate not statistically signifi-
cant—and an estimated $0.5 billion paid by patients out of 
pocket), followed by Texas, with total obesity expenditures 
estimated at $2.6 billion.

Discussion 
This study provides the most up-to-date and comprehen-
sive evidence of the causal effects of obesity on medical 
care costs in the United States at the national and state lev-
els. We estimated 2-part models of instrumental variables 
that exploit the heritable component of weight, using the 
BMI of a biological child as an instrument for the weight of 
the parent, based on data from the MEPS for 2001-2016. 

Estimates from the models indicated that adults with 
obesity incurred $2,505 higher annual medical costs, dou-
bling their medical expenditures compared with people 
with normal weight. The increase in costs rose with class 
of obesity. 

The effects of obesity raised costs in all major categories 
of medical care, with particularly large increases in inpa-
tient services and prescription drug expenditures. Most 
of the increase in medical expenditures associated with 
adult obesity was paid by third-party payers, accounting for 
88.5% of the total cost increase. This implies that obesity 
imposes substantial negative externalities, which repre-
sents an economic rationale for government intervention 
to prevent and reduce obesity.28 The effect of obesity on 
medical expenditures, both overall and by type of medical 
service, tended to be greater for public than for private 
health insurance expenditures. A possible explanation 
for the higher costs of obesity to public providers may be 
that those covered by public health insurance are in worse 
health (i.e., more likely to have chronic conditions and 
functional limitations) than those covered by private health 
insurance, and thus have higher medical care utilization.42 

https://www.jmcp.org:443/pb%2Dassets/Supplmental%20Material/SupplementaryMaterials20410.pdf
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